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Abstract
The TL dosimetric characteristics of the natural calcite from El Bakriya, Eastern Desert, Egypt, were studied to investigate their
feasibility for use in gamma radiation dosimetry. The peak that appeared at the temperature of 283 ◦C on the TL glow curve was
found to have a linear response to the doses over the range of 0.05–1000 Gy, especially after being annealed at 600 ◦C for 5 h before
irradiation.
Neither annealing nor irradiation changed the activation energy of the traps that produced the peak at 283 ◦C on the TL glow
curve of the natural calcite. Accordingly, the natural calcite from El Bakriya is nominated as a good dosimeter for many dosimetric
applications.
The studied calcite was dated to have an age of 102 ka, which is consistent with the age obtained by Dawood (1998).
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
Thermoluminescence (TL) is defined as the emis-
sion of light from a semiconductor or an insulator due
to the heating of the semiconductor that had previ-
ously absorbed energy from irradiation. The graph of
the amount of light emitted during the TL process as a
function of the sample temperature is known as a “TL
glow curve.” TL has been an active field of research
throughout the present decades due to its wide applica-
tion potential. The most striking application of TL has∗ Tel.: +20 1004620592.
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tion dosimeters, which rely on the thermoluminescence
properties of materials, have helped to solve many dosi-
metric problems due to their long time storage capacities,
independence of dose with radiation intensities, ease
with which measurements are performed and lightweight
packaging [1].
When a TL dosimeter is exposed to ionizing radi-
ation (e.g., UV, X, -ray, etc.), material color centers
are created. The number of centers, i.e., the absorbed
radiation doses, can be measured by one of the TL
reading techniques. To date, as many as ten TL mate-
rials have been developed and implemented in practice
[2–4].
Calcite (CaCO3 crystal of trigonal symmetry) is abehalf of Taibah University. This is an open access article under the
natural mineral that is easily available in large quantities
and has been studied by several workers [5–7]. Engin
and Gueven [8] studied the dosimetric properties and
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urkey: stalactite, marble and flowstone. The annealing
f calcite often causes a change in the response of the TL
o ionizing radiation [8–11]. Recent publications have
eported the kinetic parameters and dosimetric properties
f calcite [12,13] and limestone [14].
Natural minerals accumulate TL centers throughout
heir lifetimes due to exposure to natural sources of radi-
tion. Accordingly, based on the total accumulated TL
enters, the age of a natural mineral can be calculated
15–17].
In the present study, the thermoluminescence and
osimetric characteristics of natural calcite collected
rom the El Bakriya area, Eastern Desert, Egypt, is stud-
ed after different thermal treatments, and tests were
erformed for the determination of low and intermedi-
te gamma doses. The age of the studied calcite was
stimated.
.  Experimental  methods.1.  Sample  and  its  location
The pure calcite sample was collected by Mohamed
18] from a small calcite vein associated with fluorite
Fig. 1. Location of the origin of the pure calcite sample at thrsity for Science 10 (2016) 286–295 287
mineralization that was localized and controlled by large
normal faults (NNW) dissecting the El-Bakreya granitic
pluton, Eastern Desert, Egypt (Fig. 1). The site of the
sample is located at 25◦17′27.68′′ N and 33◦42′14.27′′ E.
The F-mineralization occurs in the form of large main
veins or as stockworks of small veinlets. Veins of calcite
and/or dolomite are found in the altered granite within
the stockwork zone. The carbonates were precipitated
as a by-product of CO2-bearing fluids during the alter-
ation of the granite in the argillic facies [19], which was
probably coeval with the fluoritization event.
The calcite sample was collected and stored in the
dark; it was crushed and ground carefully with a mor-
tar and pestle, then washed for 2 min in 1% HCl, and
finally washed with distilled water and dried at the Egyp-
tian National Institute for Standards and Technology
(ENIST). Grains between 200 m and 300 m in diame-
ter that were subjected to the above treatment were used
for the TL and ESR measurements.2.2.  Radiation  sources  and  dosimetry
A cesium-137 gamma source (Model GB-150) at
ENIST, delivered by the Atomic Energy of Canada,
e El Bakriya granitic pluton, Eastern Desert, Egypt.
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Ltd., was used with an original activity of 1000 Ci
(3.7 ×  1010 kBq) in April 1970. The air kerma rate
of the source was measured according to the Interna-
tional Atomic Energy Agency (IAEA) code of practice
TRS-381 [20]. The measurement was performed with
a secondary standard dosimetry system of the ENIST,
which consisted of an NPL-2560 electrometer (UK) and
an NE2561 ionization chamber (UK). This source was
employed to irradiate the calcite aliquots in the range
50 mGy to 80 Gy. The range of 110 Gy to 40 kGy was
covered using the CM-20 gamma-source at the Egyptian
Atomic Energy Agency (EAEA). Different aliquots were
used, such as a group of 10 aliquots that were exposed
to an assigned dose in the studied range.
2.3.  TLD  reader
This study used a Harshaw 4500 TLD reader equipped
with two photomultiplier tubes, which independently
recorded the luminescence. The reader was controlled by
the WinREMS software (supplied with the spectrometer)
running on a Windows computer.
Readings were taken by the contact method at a linear
heating rate of 1 ◦C s−1 in the 100–400 ◦C (373–673 K)
range. This low heating rate was used to avoid extreme
overlapping in the glow peaks [21,22]. TL measurements
were performed on 15-mg powdered samples, and the TL
curves were recorded immediately after irradiation so
that there was no significant fading of the peaks at room
temperature. The black body radiation or background
signal is usually separated from the TL glow peaks of
natural calcite.
2.4.  XRF  analysis
A portion of the calcite sample was ground to a −200
mesh grain size for wet chemical analysis using a PW
4018/00 PHILIPS Mini Mill with zirconia vials. The
processed powder pellets were prepared by filling an alu-
mina cup, (diameter of 4 cm, height of 1.2 cm and weigh
of 3 g) with 9 g of crystalline boric acid covered by 1 g of
the ground sample, which was then pressed under 12 tons
using a semi-automatic hydraulic press model HERZOG
HTP-40. A PHILIPS X’Unique-II spectrometer was
used to determine trace elements in the calcite sample.
The spectrometer was connected to a computer system
using the X-40 program for spectrometry. The trace ele-
ments concentrations are calculated from the program’s
calibration curves, which were established according
to international reference materials (standards), such as
NIH-6, G-2, GSP-1, AJV-1, JB-1 and NM-D [23]. Thesersity for Science 10 (2016) 286–295
activities were determined at the Egyptian Nuclear Mate-
rials Authority (ENMA).
2.5.  ESR  spectrum  of  the  natural  calcite
The electron spin resonance (ESR) spectrum of the
natural calcite from El Bakriya was measured using an
ESR spectrometer (Bruker, EMX) in the X-band at room
temperature using a standard rectangular cavity. This
spectrometer is located at ENIST. The ESR spectrom-
eter operating parameters were chosen to provide the
maximum signal-to-noise ratio (S/N) for a non-distorted
signal as follows: microwave frequency of 9.7 GHz with
100 kHz of field modulation, a magnetic field modulation
amplitude of 1 gauss (G) with a field-sweeping rate of
100-G/164-s and response time constant of 40 ms. The
Lande’ g-factor and intensity of the ESR signal were
calibrated using standard MgO doped with Mn2+ and a
weak pitch (13% KCl) [24]. The five aliquots prepared
for the ESR measurements weighed 300 mg each.
3.  Results  and  discussions
3.1.  Characteristic  glow  curve
If an irradiated thermoluminescent material that has
a crystal structure is heated under controlled conditions,
several peaks are observed in the glow curve that is
obtained, which, according to band theory, correspond
to the different traps in the forbidden band gap of the
crystal.
The glow curves of the calcite samples from El
Bakriya are illustrated in Fig. 2. Natural glow curves
of the samples consist of two high temperature peaks,
appearing at 283 ◦C and 359 ◦C. In the glow curves of
the samples gamma-irradiated in the laboratory with a
dose of 110 Gy, an additional peak appeared at 153 ◦C.
As shown in Fig. 2, the shape and peak positions of the
glow curve of calcite annealed at 600 ◦C for 1 h did not
change.
Ponnusamy et al. [12] recognized two peaks at 533 K
(260 ◦C) and 618 K (345 ◦C) in the TL glow curve of the
natural calcite from Thalaiuthu mines, India. Another
peak appeared at 413 K (140 ◦C) when the sample was
irradiated with 150 Gy. They annealed the calcite crystal
grains at 673 K (400 ◦C) for 1 h and then irradiated them
with 150 Gy. Again, they obtained three peaks at 413 K
(140 ◦C), 528 K (255 ◦C) and 618 K (345 ◦C). Singh
and Singh [13] irradiated green calcite from Hindostan,
India, to -doses of 93, 186, 279, 558 and 1116 Gy. They
obtained a glow curve containing three peaks at 413 K
(140 ◦C), 503 K (230 ◦C) and 603 K (330 ◦C) at a heating



























oig. 2. TL glow curve of the calcite sample from El Bakriya. (a) Natu
c) the natural sample following annealing at 600 ◦C and irradiation w
ate β  = 2.2 ◦C s−1. Apparently, the natural sample has
 glow curve with two peaks at 230 ◦C and 330 ◦C,
hereas the peak at 140 ◦C appeared due to -irradiation.
From three calcites with different origins [8], only
he stalactite mineral from Turkey showed a glow curve
imilar to that of the calcite from El Bakriya, Egypt.
he natural sample of the stalactite presented two peaks
t 280 ◦C and 355 ◦C, and following irradiation with
00 Gy, a peak appeared at 150 ◦C. Natural marble
howed a glow curve of the same feature of the glow
urves of calcite and stalactite, but had a different spac-
ng between the peaks. Two peaks arose at 235 ◦C and
30 ◦C, and irradiation with a dose of 200 Gy produced
 peak at 105 ◦C. Natural flowstone showed two peaks at
60 ◦C and 345 ◦C. Unlike the other three calcites, irra-
iation of flowstone with 200 Gy produces two peaks;
ne at 125 ◦C, and the other at 160 ◦C.
The peak at the higher temperatures in the glow
urves of the four mentioned calcites is wider and did
ot respond to the artificial irradiation; as a result, it is
xcluded from any further investigations.
The similarity between the curves of El Bakriya cal-
ite and the Turkish stalactite allows for a comparison
f their dosimetric and kinetic properties.
According to Medlin [25], Mn2+ and Pb2+ are acti-
3+ 2+ 2+ators and Fe , Co and Ni are quenchers in natural
alcite. These impurities may change the intensity of the
low peaks. He also indicated that the change in intensity
f the glow peak without a change in peak position may curve, (b) the natural sample following irradiation with 110 Gy and
 Gy.
only be due to the activators, but the change in intensity
along with peak position may be due to both activators
and quenchers. Therefore, in the present investigation,
the observation made through the intensity enhancement
behavior of the glow peaks is only due to a particular
impurity center (activator) and not any other combina-
tion. For confirmation, the existence of both Mn and Pb
was checked using XRF for the studied calcite sample
(Fig. 3). From this study, it is observed that Pb and Mn
are below the detection limit of the XRF, but the presence
of Mn is verified using ESR spectroscopy (Fig. 4).
3.2.  TL  kinetic  parameters
According to Zimmerman’s “reservoir” model, the
activation energy characterizes the depth of the reservoir
below the conduction or valence band [26]. Within the
ionic migration model of Chen et al. [26], these activation
energies represent the energy required for activator ions
(Mn2+ and Pb2+) to hop between crystal sites.
3.2.1.  Initial  rise  method
Chen et al. [26] suggested the use of Arrhenius-type
plots of the natural logarithm of the TL intensity as a
function of the inverse annealing temperature 1/T; these
plots may yield straight lines with a slope of −E/k, where
E is the activation energy of the traps. Such straight lines
are found at the initial part of the peak. In other words,
the TL sensitivity to ionizing radiation upon annealing
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re calciFig. 3. XRF chart of the pu
increases according to the Boltzmann factor exp(−E/kT).
Such a linear Arrhenius plot indicates either a transfer of
electronic charges or the occurrence of impurity motion
in the crystal. The activation energies E  of the Egyptian
calcite sample was calculated for the TL peaks at 153 ◦C
and 283 ◦C, and the results are illustrated in Fig. 5. The
parallel lines (i.e., equal values of the slope) indicate that
neither the irradiation nor the annealing of the studied
calcite changed the value of the activation energy E.
Fig. 4. ESR derivative spectra for natural calcite sample from El Bakriya.
The value of the activation energy E  is used to calcu-
late the frequency factor s  (s−1) for each peak, assuming












where β  is heating rate (=1 K/s), k  is Boltzmann constant,
and Tm is peak temperature (K).
te from El Bakiya at room temperature.













μFig. 5. Arrhenius plot of the n
This method yields two values of the frequency factor
; 6.38 ×  106 and 2.95 ×  1010 s−1 for the peaks at 153 ◦C
nd 283 ◦C, respectively.
.2.2. Peak  shape  method  (PS)
The method is based on the shape of the studied
eak, which utilizes three points from the glow curve
Fig. 6).
From this figure, one can define the following geo-
etrical parameters: Tm is the peak temperature at
aximum; T1 and T2 are the temperatures on either side
f Tm, each corresponding to half intensity; ε  = Tm −  T1
s the half-width of the low temperature side of the peak; = T2 −  Tm is the half-width at the high temperature
ide of the peak; ω  = T2 −  T1 is the total half-width; and
 = δ/ω  is the symmetry factor.
Fig. 6. Geometrical parameters for a glow peak.alcite from El Bakriya, Egypt.
Table 1 represents the geometrical parameters for the
two studied peaks in the glow curve of the El Bakriya
calcite.
To obtain the activation energy E, Chen [28] proposed
several expressions that do not require knowledge of the
kinetic order b. These expressions employ the geometri-
cal parameters ε, δ, ω  and μ. The expression that depends
on ε and μ to calculate the activation energy E has the
following formula:





−  bε(2kTm) (2)
where cε = 1.51 + 3(μ  −  0.42) and
bε = 1.58 + 4.2(μ  −  0.62).
This method obtains two values for the kinetic energy
E (eV) of 0.85 and 1.85 for the peaks at 153 and 283 ◦C,
respectively.
The frequency factor s  (s−1) for the general kinetic





[1 +  (b  −  1)(2kTm/E)] (3)
where b  is the value of kinetic order.
Table 1
Geometrical parameters of the peaks at 153 ◦C and 283 ◦C in the glow
curve of the natural calcite from El Bakriya.
Tm (◦C) ε (◦C) δ (◦C) ω (◦C) μ
153 29.5 34.5 64 0.54
283 22.5 20 42.5 0.47
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Table 2
Kinetic parameters of the peaks at 153 ◦C and 283 ◦C in the glow curve
of natural calcite obtained by IR and PS methods.
Parameter IR PS
153 ◦C 283 ◦C 153 ◦C 283 ◦C
b 1 1 2.32 1.42
E (eV) 0.69 1.3 0.85 1.85
s (s−1) 6.38 × 106 2.95 × 1010 4.38 × 1010 2.7 × 1015
Table 3
Kinetic parameters of the pre-annealed calcites.
Calcite Peak (◦C) b E (eV) s (s−1)
Egypt
El Bakriya 283 1.42 1.85 2.7 × 1015
Turkey
Stalactite 280 1.5 1.73 4.51 × 1015
Marble 235 1.4 1.54 7.11 × 1012
Flowestone 260 1.5 1.61 2.5 × 109
consider the upper value of the linear range. Thus, the
saturation doses SD of the peaks at 153 ◦C and 283 ◦C
have values of 10 and 1000 Gy, respectively.Fig. 7. Relation between the kinetic order b and the geometrical factor
μ.
However, Chen [28] calculated a graph of μ  ranging
from 0.36 to 0.55 for values of the kinetic order b  between
0.7 and 2.5. This graph can be used to evaluate b from
the measured value of μ, as shown in Fig. 7.
The values of μ  in Table 1 are projected on the graph
in Fig. 7, which yielded two values for the kinetic order
b of 1.42 and 2.32 for the peaks at 153 ◦C and 283 ◦C,
respectively. The values of b  are substituted in Eq. (3)
to obtain the frequency factor s, which corresponded to
values of 4.38 ×  1010 and 2.7 ×  1015 s−1 for the peaks at
153 ◦C and 283 ◦C, respectively.
However, Table 2 summarizes the values of the kinetic
parameters: the activation energy E  and the frequency
factor s  of the studied peaks in the glow curve of the
natural calcite from El Bakriya, Egypt.
The Turkish calcites showed slight differences in the
values of the kinetic parameters b, E  and s. Singh and
Singh [13] used computerized glow curve deconvolution
CGCD to separate a peak at 622 K (349 ◦C) from the
glow curve of the green calcite and reported its kinetic
parameters. Table 3 compares the kinetic parameters of
the Egyptian calcite from El Bakriya, the calcites from
Turkey and the green calcite from India.
3.3.  TL  dosimetric  characteristics  of  the  El  Bakriya
calcite
3.3.1.  Dose  response
In this investigation, the samples annealed at 600 ◦C
for 5 h were used to determine the useful range in the
dosimetric response. For dosimetric purposes, the tem-
perature peaks at 153 ◦C and 283 ◦C were investigated
over the dose range of (0.05–40 kGy). The dose response
curves for these glow peaks are shown in Fig. 8. This
figure is drawn by taking the mean value of ten mea-
surements. The dose response curve of the peak at
153 ◦C shows a linear response only in the dose rangeIndia
Green calcite 349 2 1.7 8.7 × 1012
of (0.1–10 Gy). After 10 Gy, the 153 ◦C peak shows a
saturation trend and is completely saturated at 110 Gy.
The peak at 283 ◦C showed a linear response in the range
of (0.05 Gy to 1 kGy). After 1 kGy, this peak showed a
saturation trend and was completely saturated at 10 kGy
(Fig. 8). The saturation dose is the dose at which an
equilibrium between the formation and decay of the TL
centers is achieved (plateau, Fig. 8). However, because
other properties of the TL peaks depend on the linear-
ity condition of the collected dose, it is more reliable toFig. 8. Dose–response relation of El Bakriya natural calcite annealed
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Dubey et al. [13] studied the dosimetric properties of
atural limestone from the Amarnath holy cave, India.
hey obtained a glow peak at 306 ◦C. This peak showed
 linear response for -doses of 1, 1.5 and 2 kGy. The
uthors concluded that the studied limestone is a good
L material.
Stalactite at 280 ◦C, marble at 235 ◦C and flowstone at
60 ◦C have linear responses in the range of 0.05–104 Gy
8]. The excess order of magnitude in the linear response
ange of these minerals over that of El Bakriya calcite
ay be attributed the difference kinetic parameters, as
iscussed above.
.3.2. Fading
An important parameter to determine is the stability
f the traps connected with the glow peaks because they
eflect the storage capacities of the traps. To determine
he stability, the sample was annealed at 600 ◦C for 5 h
nd irradiated with a gamma dose of 80 Gy, and mea-
urements were performed for a period of 30 days in the
oom environment at 20 ◦C. From these measurements,
 graph is drawn between the fading ratio as a function of
he storage time (Fig. 9). The figure shows that the peak
t 283 ◦C is considered to be stable because the value of
ts peak remained constant during the storage period.
The value of the activation energy E  on Fig. 5 of the
eak at 153 ◦C is lower than that of the peak at 283 ◦C.
his result may explain the difference in the stability
haracteristics between the two peaks (Fig. 9).
.3.3. Total  accumulated  dose  TD
The natural minerals are stable enough to save theadiation effects due to the intrinsic radioactive elements
U, Th, K, and Rb) or due to external cosmic rays for long
ifetimes. This stability results in the basic dosimetric
ig. 9. Fading characteristics at 20 ◦C of the annealed calcite sample
t 600 ◦C for 5 h and with a gamma exposure of 80 Gy.rsity for Science 10 (2016) 286–295 293
property of a mineral material, i.e., the total dose TD,
which is defined as the total radiation induced defects
accumulated during its lifetime.
The TD accumulated by the studied calcite is obtained
using the additive dose method. To estimate the TD of the
studied calcite, several aliquots were irradiated with dif-
ferent -doses in the medium range (110–550 Gy) using
a CM-20 gamma-source. The TL intensity of the non-
irradiated sample, which corresponds to TD, along with
each irradiated sample was measured 10 times at the peak
283 ◦C, and the average values of these measurements
were plotted against the -doses. The standard deviation
was approximately ±0.5% from the mean value. The TD
of calcite is determined by extrapolating the line to the
x-axis by regression techniques (Fig. 10). In addition, the
value of TD obtained by the processing of the TL peak
at 283 ◦C is shown in Fig. 10.
3.4.  Effective  lifetime  τe
The lifetime τ, i.e., the time required for a TL peak
to lose half of its intensity at temperature T  (K), is cal-
culated using the equation [29]:






The lifetime τ of each studied peak in the glow curve
of the natural calcite considering first order kinetics (IR
method) is calculated using the values of the activation
energy E, as represented in Fig. 5, and the correspond-
ing value of the frequency factor is obtained by Eq. (1).
We obtain two values for τ  at the standard temperature
(25 ◦C); 20.15 h for the peak at 153 ◦C; and 1.03 ×  104 a
for the peak at 283 ◦C. Eq. (4) is employed to obtain the
lifetime τ  for the TL peaks of the general kinetic order
Fig. 10. Additive method to obtain the total dose TD accumulated by
the natural calcite from El Bakriya, Egypt.
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Table 4
The estimated lifetimes of the TL peaks at 153 ◦C and 283 ◦C at different kinetic orders b in the glow curve of calcite sample from El Bakriya,
Egypt.
Peak τs b τ τe
153 ◦C 3.33 × 104 a 1 20 h 20 h
2.32 5.33 d 5.33 d
◦ 6 4 4
42 283 C 3.33 × 10 a 1 
1.
b  using the values of E  obtained by Eq. (2) and the val-
ues of the frequency factor as calculated by Eq. (3). The
lifetime τ  has the values 5.33 d for the peak at 153 ◦C
and 2.57 ×  108 a for the peak at 283 ◦C.




where D  is the accumulation dose rate. If the instant the
natural calcite from El Bakriya is exposed to a dose rate
of 0.3 mGy/a to accumulate the saturation dose SD for
each TL peak as obtained above, then the saturation life
time τs has two values of 3.3 ×  104 and 3.33 ×  106 a for
the peaks at 153 ◦C and 283 ◦C, respectively.














Table 4 represents the values of the lifetime τ, the sat-
uration lifetime τs and the effective lifetime τe calculated
using Eq. (6).
3.5.  Use  of  natural  calcite  in  radiation  dosimetry
The peak at 283 ◦C appeared in the glow curve of
the natural calcite showed a linear response to radia-
tion doses in the range of (0.05–1 kGy). In addition, this
peak is sufficiently stable to retain the registered dose
over long periods of time. Accordingly, annealed calcite
samples may also serve as an inexpensive and dispos-
able gamma dosimeter in many applications. The need
for such dosimeters exists in industries related to chem-
ical technology (polymerization and vulcanization) and
food processing.
3.6.  Dating  of  the  natural  calcite  from  El  Bakriya
Although many TL peaks were nominated for TL
dating of natural calcites and have their lifetimes τ cal-
culated [12–14], it is difficult to find recent works that
completed the dating cycle and calculated the ages of
these calcites. To address this lack of information, this
paper intends to obtain the age of the Egyptian calcite1.03 × 10 a 1.027 × 10 a
2.57 × 108 a 3.29 × 106 a
from El Bakriya as a function of the calculated total dose
TD.
Fig. 3 shows that the concentrations of the radioactive
elements (U, Th, K, and Rb) are below the detection
limit of XEF. Indeed, the natural calcite from El Bakriya
accumulated the radiation dose only from the gamma
component of the cosmic rays throughout its lifetime,
which has a dose rate D of (0.3 mGy/a) at the earth’s
surface [30].
The TLD age (TTLD) of a material is calculated by
dividing the total dose (TD) by the annual dose (D)




The conditions of TD  = 30.8 Gy (Fig. 10) and D  = 0.3
(mGy/a) yield an age of 102.7 ka to the natural calcite
from El Bakriya, Eastern Desert, Egypt.
However, Dawood [31] dated several occurrences
of secondary U-mineralizations associated with fluori-
tizations in the Eastern Desert of Egypt using U-series
disequilibrium techniques and concluded that these
secondary U-mineralizations were formed during the
pluvial oxygen isotope stage 5 (130–80 ka ago). The
pure calcite associated with the fluorite-vein deposit at
El Bakriya, Eastern Desert, was probably formed during
the oxygen isotope climatic stage 5 near its termination.
4.  Conclusions
The peak that appeared at the temperature of 283 ◦C
on the TL glow curve of natural calcite from El Bakriya
was found to have a linear response to doses over the
range 0.05–1000 Gy, especially after being annealed at
600 ◦C for 5 h before irradiation.
Accordingly, the studied natural calcite is nominated
to be a good dosimeter for many applications. The stud-
ied calcite was dated to have an age of 102 ka, which is
consistent with the age of the fluorite-vein deposit at El
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